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ExecuBSummary

A research project in thetate ofMontanaidentified opportunities to reduce homeowner utility bills in
residential singldamily new construction by increasing compliance with the state energyTdoelstudy
was initiated inMay 2018 data collection began in June 2C&Icontinued througlsegember 2018.
During this periodthe project teamisited 125 homesat various stages of construction, resulting in a
data set based on observations made directly in the field. Analysis of the data has led to a better
understanding of the energy featuressent in homes andentifiednearly$192,000in potentialannual
savingsto Montanahomeownershat could result from increased compliamggh the Montana
Residential Energy CodePublic and private entities within the state can use this informatijostfy
andcatalyze future investments in energy code training and related energy efficiency programs.

Methodology

Theproject team was lely David Freelovean independent energy code consujtaith support from
Cadmus and the Northwest Energy Béitcy Alliance The team applied a methodology prescribed by
the U.S. Department of Energy (DOE), which was based on collecting information for the energy code
requiredbuilding components with the largest direct impact on energy consumption. Réygssmsare a
focal point of the studgnddrive the analysis and savings estimates. The project team implemented a
customized sampling plan representative of new construction within thetiseasampling plawas
developed by Pacific Northwest National Ladtmry (PNNL)and vetted througimeetings with Montana
EnergyCode Collaborative

Following data collection, PNNL conducted three stages of analysis on the resulting daiguset (

ES1). The first stage identifiedompliancerends within the state based on the distributions observed in
the field for each key itenThe secondgtagemodeled energy consumption of the homeseobed in the

field relative to what would be expected if sampled homes just met minimum code requirements. The
third stage then calculated the potential energy savings, consumer cost savings, and avoided carbon
emissions associated with increased codeptiamce. Together, these findings provide valuable insight
on challenges facing energy code implementation and enforcement, and are intended to inform future
energy code education, trainjrand outreach activities.

Statistical Energy Savings

Analysis Analysis Analysis
Examination ofthesetand Modeling of energy Projection of savings associated
distribution of observations consumption forasimulated with improved compliance

population of homes

Figure ES 1. Stages of Analysis Applied in the Study

1 On November 7, 2014, Montana adopted the 2012 International Energy Conservation Code (IECC) with several
amendments.



Results

Table ESL shows the key itemsith the greatestavingpotentias thatcould be achieved through
increaseccodecompliancen Montana.The estimates represeaht savingsassociated with each measure

and are extrapolated based on projected new construction. These items should be considered a focal point
for complianceenhancementrograms within the state, includirenergy code education, trainj@mnd

outreach initiatives.

Table ES1. Estimated Annual Statewide Savings Potentifflontana

Total Energy Savings Total Energy Cost Total State Emissions
Measure (MMBtu) Savings($) Reduction (MT CO2e)
Duct Leakage 10,302 97,836 1,195
Exterior Wall Insulation 8,212 75,123 787
Envelope Air Leakage 1,516 11,721 21
Foundation Insulation 1,141 7,051 -86
TOTAL 21,171IMMBtu $191,731 1,783MT CO2e
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Figure ES2. Modeled distribution of regulated EUI (kBtifftear) in Montana
In terms of overall energy consumption, the analysis shows thatshathen the state usmoreenergy

than would be expected relative to homes built tactlreent minimum state code requiremertgre
ES2). Analysis of the collectefield data indicates average regulated energy use inteBsity ¢f 39.66



kBtu/ft?>-yr statewide compared 89.01kBtu/ft>-yr for homes exactly meeting minimypnescriptive
energy code requirements. This sugg#dsts on averaggethetypical homen the states about2% worse
thancode

Note that in an EUI analysis, items found to b&dr than code offset savings from items found to be
worse than code. These beloade items represent a savings opportunity regardless of the aime/e
items. In this study, a significant portion of homes were found to not meet code in several key areas
impacting energy use, durability, and comfort. Thus, there &argy savings opportuniof nearly
$192,000 annuallfrom energy code compliance enhancement activitidontana
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1.0 I ntroducti on

A research project in thetate of Montan@vestigated the energy codelated aspects of unoccupied,
newly constructed, singlamily homes acrosthe stateThe study followed anethodology prescribed by
the U.S. Departmemtf Energy (DOE)which allowed the project team to build an empirical data set
based on observations made directly in the field. The data was then artgly2&cific Northwest
National Laboratory (PNNLjo identify compliance trenddetermine thémpactof such trendsn
statewide energy consumption, and calculate savings that could be achieved through icodeased
compliance Study findings can help to justify additional support for energy code education, trainihg
outreach activities, as well aatalyze future investments in compliaregghancemergrograms.

TheMontanafield study was initiated iMay 2018 data collection began in June 2CG4&] continued
throughSeptember 201®uring this periodthe project teammisited 125 homes across theaseat
various stages of constructioit the time of the studythe stateenergy code wathe 2012 International
Energy Conservation Code (IEC®j)th Montana amendmentsffectiveNovember 2014The study
methodology, data analysend findings are preated throughout this report.

1.1 Background

Energy codes for residential buil di ngmdellcadgse advan
areapproximately 30% more efficietitan codes adopted by the majority of U.S. states such, there

is a growing need tensue codeintended energgavingsare achieved anithat consumers reap the

benefits of improvedode® outcomeghatwill happen onlythrough high levels afompliance.

Thepumose of the Montana fielstudyis to gather fiedl data orenergy code measuras installed and
observed in etual homesndidentify trends and issudisat cannform energy codé&aining and other
compliance enhancememtograms. This study was modeled abeD E 6 s f i, &tfatbgiestou d y
Increase Residenti&nergy Code Comfnce Rates and Measure Resuitslore information on DOE s
interest in compliance is available on the DOE Building Energy Codes Program Website.

1.2 Pr o] Teecam

David Freelovean independent energy code consultectthe Montana project team andllectedthe

field datg Cadmus anthe Northwest Energy Efficiency Alliance (NEEA) providaapport to Mr.

Freelove throughout the proje€tOE and PNNLdefined the methodology, conducted data analysis, and
provided technidaassistance to the project tedfunding for thedata collection by thprojectteamwas
provided byNEEA. More information on the organizations comprising the project team is included in the
Acknowledgementsectionof this report.

! National Energy and Cost Savings for New Singted Multifamily Homes: A Comparison of the 202609, and
2012 Editions of the IECGvailable ahttp://www.energycodes.gaévelopment

2 Available athttp://www.energycodes.gov/adoption/states

3 Available athttps://www.energycodes.gov/compliance/residergiargycodefield-study

4 Available athttps://www.energycodes.gov/compliance
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1.3 St akehbhterests

Throughout the duration of the Montana field study,pr@ect team actively engagedth the Montana
Energy Code Collaborative, stakeholder grougomprisinginterested and affected parties within the
state. Stakeholderspresentethe following groups

1 Building officials

9 Homebuilders

1 Energy efficiency advocates
1 University professors

9 Residential appraisal experts
9 Utilities

A description of the stakeholddrsat participatedh the projeckickoff meeting isincluded inAppendix
A.

Members of these and other groups are critical to the success of the prdjesit, @syin to the results is
necessary fofuture activitiesSuch stakeholdet®ld important information (e.g., building officials have
the lists of homes under construction and are therefore key to the sampling process), control access to
homes needed for site visits, are targets for training, or, as is often the case with gavegemens,

have oversight responsibilities for code adoption and implementation.

Utilities arealso crucial stakeholdeand often have direction from state regulatory bodies (e.qg., the
public utility commission) to achieve energy savings. Many utillisge expressed an increasing interest
in energy codénvestments andre looking at energy code compliance as a means to provide assistance
and generate additional savings. The field study is aimed specifically at providing a strong, empirically
based casfor such utility investment.

1.2



20 Met hodol ogy

21 Overview

TheMontanafield study was based on a methodology developed by DOE to identify savings
opportunities associated with increased eneaglecomplianceThis methodologynvolves gathering
field data on energy code measuasthey areinstalled and observed in actual honEse subsequent
analysisdentifiestrends and issuegith codecompliance andan be used timform energy code training
and other compliancenhancermantprograms.

Highlights of themethodology
9 Focuses oimdividual code requirementswithin new singlefamily homes
9 Based on aingle site visitto reduce burden and minimize bias
1 Prioritizeskey itemswith the greatest impact on energy consumption
9 Desigred to producstatistically significant results

9 Data confidentiality built into thestudyd no occupied homes were visited, and no personal data
shared

9 Results based on amergy metricand reported at theate level

PNNL identified the codeequirements (ad associated energy efficiency measures) with the greatest
direct impact on residential energy consumptidrhesekey itemsirive sampling, data analysis, and
eventual savings projections:

Envelope tightness (ACH at 50 Pascals)
Windows (U-factor & SHGC)

Wall insulation (assembly {fhctor)
Ceiling insulation (Rvalue)

Lighting (% highefficacy)

Foundation insulation (Raluef

N o g b~ w D

Duct tightness (expressed in cfm per 18@ftconditioned floor area at 25 Pascals)

PNNL evaluated the variability asso@dtwith each key item and concluded that a minimu@Bof
observationsvould be needefbr eachone to produce statistically significant results at the state level.
Both the key items themselves and the required number of observations were prescribB@mB the
methodology.

The following sections describe how the methodology was implemented as pariviaittamastudy,
including sampling, data collection, and data analyd@e information on the fulDOE protocoland

! Based on thenandatoryandprescriptiverequirements of the International Energy Conservation Code (IECC).
2 Floor insulation, basement wall insulation, crawlspace wall insulation, and slab insulation were combined into a
single category of foundation insulation

2.1



PNNL analysids published separatefsom this report (DOBPNNL 2018) andis available on the DOE
Building Energy Codes Program website.

22 State Study

The prescribed methodology was customizedviontanato reflect circumstances unique to the state,
such as statkevel code requirements anegionalconstructiorpractices Customization also ensured that
the results of the study would have credibility with stakeholders.

2.2.1 Sampling

PNNL developed atatewide sampling plastatistically representativaf recent construction activity

within thestate.The samples were apportionedudsdictionsacross thetatein proportion to their
average level of construction compared to the overall construction astaigwide This approach is a
proportional random samplevhich PNNL based on the average oftfireemost recent years of Census
Bureau permit datdThe plan specified the number of key item observations required in each selected
jurisdiction (totaling 63 of each key item across the entire project covereajeTde sampling plan was
vetted with the Montana Energy Code Collaborative.

2.2.2 Data Collection

Following confirmation of theample planthe project team began contacting local building departments
to identify homes currently in the permitting procedade officials responded by providing lists of

homes at various stages of construction within their jurisdictibase lists were then sorted using a
random number generator and utilized byphgject teanto contact builders to gain site access.
prescibed by the methodology, each home was visited only once to avoid any bias associated with
multiple site visitsOnly installed items directly observed by fied teamduring site visits were
recordedIf access was denied for a particular home onighefield personnel moved onto the next home
on the list.

2.2.2.1 Data Collection Form

The field teams relied ondata collection forncustomized to thenandatoryandprescriptive
requirementsf the state energy codiae 2012 IECCwith Montana amendmentsThe final data
collection form is available in spreadsheet format on the R@IEsite® The form includedll energy

code requirements (i.e., not just the eight key items), as well as additional items required under the
prescribed methodologfor examplethe field teams were required to conduct a blower door test and
duct leakage testsing RESNET protocolson every home where such tests could be conducted.

The information beyond the key items was used during various phases of the analysis, orreestipple
the overall study finding$or example, insulation installation quality impacts the enreffigiency of
insulation was used tmodify that key item during the energy modeling and savings calculation.

3 Available athttps://www.energycodes.gov/compliance/residergiaérgycodefield-study.

4 Availableat http:/censtats.census.qqséled t he fABui l ding Permitso data).
5 Information about the Montana energy code is availaiiéta//deq.mt.gov/Energy/eec/EnergyCode

® Available athttps://www.energycodes.gov/compliance/residergiimrgycodefield-studyand based on the forms
typically used by the REEheckcompliancesoftware

’ Seehttp://www.resnet.us/standards/RESNET_Mortgage Industry National HERS_Standards.pdf
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Equipment includingfuel type and efficiency ratg, and basic home characteristics (e.g., foundation
type) helpdvalidate the prototype models applied during energy simulafitver questions, such as
whether the home participated in an abowde program, can assist in understanding whether other
influencing factors are at play beyond the code requirements.

The data collected were the energy values observed, rather than the compliandeostatsislation, for

example, the Rralue was collectedor windows the U-factor. The alternative, such agas used in

DOEbs ol der work, simply st at dldecwraneapgroach pravidesi t em d
an improved understanding of how compliance equates to energy consumption and gives more flexibility
during analysis since the field data candompared to any energy code.

2.2.2.2 Data Management and Availability

Once the data collection effort was complete, the project team conducted a thorough quality assurance
review.This included an independent check of raw data compared to the information griovitldNL

for analysis, and helped to ensure completeness, accaratgonsistency across the inplsor to
submitting the data to PNNL, the team also removed all personally identifiable information, such as
project site locations and contacformation.The final datases available in spreadsheet fornmat the

DOE websité

23 Data Anal ysi s

PNNL conductedll data analysis in the studlyrough three basic stages:

1. Statistical Analysis: Examinationof the data set and distribution of obsermwasi for individual
measures

2. Energy Analysis: Modeling of energy consumptidar a simulated population of homes

3. Savings Analysis:Projection of savingassociated with improved compliance

The first stage identified compliance trends within the ditased on what was observed in the field for

each key itemThe secondtagemodeled energy consumption (of the homes observed in the field)

relative to what would be expected if sampled homes just met minimum code requirdineistd

stage then calculed the potential energy savings, consumer cost savings, and avoided carbon emissions
associated with increased code compliafiogiether, these findings provide valuable insight on

challenges facing energy code implementation and enforcement, and adedhtie inform future energy

code education, trainingnd outreach activities.

The following sections provide an overview of the analysis methods applied to the field study data, with
the resulting statievel findings presented in Secti8rD, State Results.

2.3.1  Statistical Analysis

Standard statistical analysis was performed with distributions of each key item plotted by climate zone.
This approach enables a better understanding of the radgéacdngrovides insight on what energy
efficiency measures are most commonly installed in the fieddiso allows for a comparison of installed
values to the applicable code requirement,fanddentification of any problem areas where potential for

8 Available athttps://www.energycodes.gov/compliance/residergimrgycodefield-study
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improvement existsThe graph below represents a sample key item distribution, and is further explained
in the following paragraph.

Montana
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Figure 2.1. SampleGraph

Each graph is set up in a similar fashion, identifyingstia¢e climate zongand specific item being
analyzedThe totalsample siz¢n) is displayed in the top left or right corner of the graph, along with the
distributionaverage Themetiic associated with the item is measured along the horizontal axis (e.g.,
window U-factor is measured in Btufhr-F), and acountof the number of observations is measured
along the vertical axi®\ vertical line is imposed on the graph representing pipdiGable code

requirement (e.g., the prescriptive requirememdimate zones is 0.2)d values to the righband side of
this line arebetter than codevalues to the lefhand side represent areas for improvement.

For walls and foundations, two grapdre included one for Rvalue observations and another for U

factor observationd he Rvalue graphs show whether or not homes are hmingtructedvith the

required amount of insulation for the climate zoHee Ufactor graphs indicate whether or nioét
combination of installed Ralue and insulation installation quality meets th&attor requirements in the
climate zoneThe combination of these two graphs can be used to determine if there is an issue with the
amount of insulation, insulation instaion quality, or both.
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2.3.2 Energy Analysis

The next phase of the analysis leveraged the statistical analysis results to model average statewide energy
consumptionA consequence dhe field study methodologallowing only one site visit per home to

minimize biasis thata full set of data cannot be gathered on any single home, as not all-effmigncy

measures are in place or visible at any given point during the home construction frocdssk of

complete data for individual homes creates an aalythallenge becausmergy modeling and

simulation protocols require a complete set of inputs to generate reliable fEs@tkiress this

chall enge, a series of gedotaver b500 modstsercompassing mastr e at e
of the possile combinations of key item values found in the observed field blaé@gregate, the models
provide a statistical representat i onThigdpprdadchés st at e

known in statistics as a Monte Carlo analysis.

Enery si mul ation was then c¢ondu°Eachafthails500npdelswas Ener g
run multiple times to represent each combination of heating systems and foundation types commonly
found in the stateThis resulted in upwards of 30,000 simulatioins for climate zon& An EUI was

calculated for each simulation run and these results were then weighted by the frequency with which the
heating system/foundation type combinations were observed in the field\datage EUI was

calculated based orgulated end uses (heating, cooling, lightangd domestic hot water) for two sets of
home® oneasbuilt set based on the data collected in the field, and a secdiesninimumset (i.e.,

exactly meeting minimum code requiremen@)mparing these valustiows whether the population of
newly constructed homes in the state is using more or less energy than would be expected based on
minimum code requirementBurther specifics of the energy analysis are availabike methodology
report(DOE/PNNL 2018).

2.3.3  Savings Analysis

To begin the third phase, each of the key items was examined individually to determine which had a
significant number of observed values that did not meet the associated code reqdfrEorethiese

items, additional models were createcssess the savings potential, comparing what was observed in the
field to a scenario of full compliance (i.e., where all wettsarcode observations for a particular item
exactly met the corresponding code requiremeénthis was done by individually upading each worse
thancode observation to the correspondimgscriptivecode requirement, resulting in a second set of
models {ull compliancé that could be compared to the firaspuilt). All other components were

maintained at the corresponding mrgstive code value, allowing for the savings potential associated

with a key item to be evaluated in isolation.

All variations of observed heating systems and foundation types were included, and annual electric, gas
and total EUIs were extracted for duuilding.To calculate savings, ¢hdifferences in eneyguse

calculated for each case mgaveighted by the corresponding frequency of each observation to arrive at an
average energy savings potential for each climate Rumtential energy savings foaeh climate zone

were furtherweighted using construction starts in that zone to obtain the a\&@emgeidesnergy

savings potentialStatespecific construction volumes and fuel prigese used to calculate the maximum

9 Seehttps://energyplus.net/

VYisignificanto was defined as 15% or more of the obser\
Only the items above this threshold were analyzed.

11 Betterthancode items were not included in this analysis because the intent was to identify the maximum savings
potential for each measure. The preceding energy analysis included bothHaetteyde and worséhancode

results, allowing them to offsetch other.
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energy savings potential for teate in terms ofnergy(MMBtu), energy cost$), andavoidedcarbon
emissiongMT CO2e)

Note that this approach results in the maximum theoretical savings potential for each measure as it does

not take fAi nt er ac,tsuchoasthedcrehsedcamauist of heating neededdnahe winter

when energy efficient lights areinstalled. bui | di ngds energy consumption i
process that includes all the building components present within a givenlhaartgpical real buildig,

the savings potential might be higher or lower; however, additional investigation indicated that the

relative impact of such interactions is very small and could safely be ignored without changing the basic
conclusions of the analysis.

24 Li mi tations

Thefollowing sections address limitations of the project, some of which are inherent to the methodology
itself, and other issues as identified in the field.

2.4.1  Applicability of Results

An inherent limitation of the study design is that the results can bedeoedistatistically significant only

at the state leveDther results of interest, such as analysis based on climate zone level, or reporting of
nonkey items, were identifiedVhile some of these items are visible in the publicly available data set,
theyshould not be considered statistically representative.

2.4.2 Determination of Compliance

The field study protocol is based a single site visit, which makes it impossible to know whether a
particular home complies with the energy cadenotenoughinformation can be gathered in a single visit
to know whether all code requirements have beenkoetexample, homes observed during the earlier
stages of construction often lack key features (e.g., walls with insulation), and in the latemnsiagesf
these items may be covered and therefore unobsertabgather all the data required in the sampling
plan, field teams therefore needed to visit homes in various stages of constiitiaiamalytical
implications of this are described abovesiection2.3.2

2.4.3  Sampling Substitutions

As is often the case with fieldased researchylsstitutions to thetate samplinglan weresometimes
neededo fulfill the complet data setf the required number of observations in a jurisdiction could not
be met because of a lack of access to homes or an insufficient number of homes (as can bie the case
rural areas), substitute jurisdictions were selected by the project leathcases, the alternative

selection was comparable to the original in terms of characteristics such as the level of construction
activity and general demographidgore information on the sampling plan and any sspiecific
substitutions are discussedAppendix B

2.4.4 Site Access

Site access was purely voluntary and data was collected only in homes where access was granted, which
can be characterized aself-selection biasWhile every effort was made to limit this bias (i.e., sampling
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randomization, outreach to builders, reducing the burden of site visits, etc.), it is inherent due to the
voluntary nature of the studyhe impacts of this bias on the oat results are not known.

2.45 Analysis Methods

All energy analysis was conducted using prototype models; no individually visited homes were modeled,
as the selimposed, oneisit-perhome limitation meant that not all necessary modeling inputs could be
collected from a single hom&hus, the impact of certain fielmbservable factors such as size, height,
orientation, window area, flodp-ceiling height, equipment sizing, and equipment efficiency were not
included in the analysi#n addition, duct leakag&as modeled separately from the other key items due to
limitations in theEnergyPlu§" software used for analysis should also be noted that the resulting

energy consumption and savings projections are based on modeled data, and not on utiligchiiéd or
home energy usage.

2.4.6 Presence of Tradeoffs

Thefield team wasable to gather only a minimal amount of data regarding which code compliance paths
were being pursued for homes included in the study; all analyses therefore assumed that the prescriptive
path was used.he project team agreed that this was a reasonable appfb&ctwverall data set was

reviewed in an attempt to determine if common tradeoffs were present, but the ability to do this was
severely limited by thsingle sitevisit principlewhich did not yieldcomplete data sets for a given home.

To the extent it could be determined, it did not appear that there syateanatiqpresence afradeoffs.
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30 St aResul t s

31 Fi eObdser vati ons

Theeightkey items form the basis of tlseudyand are therefore the focus of this sectldowever,
discussion of other findings is covered in this secii®nvel| including adescriptionof how certain
observations, such as insulation installation quality, are used to modify key(iBasSetion 2.3.1for a
sample graph and explanation of how they should be interprdtedtana has one climate zone, zone 6
(CZ 6), and it is represented in the sampling, data collection, resulting analysis, and statewide savings
calculations.

3.1.1 Key Iltems

The field study and underlying methodology drevenby keyitemsthat have a significe direct impact
on residential energy efficiencyhegraphspresented in this section represédmt key item results fahe
statebased on theneasureshbsenred in the fieldNote that these key items aiso the basis of the
results presented the sibsequenénergyandsavingsphases of analysis.

The following key items were fourtd beapplicable within the state:
Envelope tightness (ACH at 50 Pascals)

Window SHGC

Window U-factor

Exterior wall insulation (assembly-factor)

Ceiling insulation (Rvalue)

Lighting (% highefficacy)

Foundations basement wallscrawlspacend floors (assembly-fhctor)

© N o g > w N PRE

Duct tightness (expressed in cfm g€0 f¢ of conditioned floor area at 25 Pascals)
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3.1.1.1 Envelope Tightness
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Figure 3.1. Envelope Tightness (ACH50)

Table 3.1. Envelope Tightness (ACH50)

Climate Zone CZ6 Statewide
Number 63 63
Range 1.4 to4.6 1.4 t04.6
Average 35 35
Requirement 4 4

Compliance Rate 46 of 63 (73%) 46 of 63 (73%)

1 Interpretations:

T Overall, the distribution exhibits lower air leakage than expected based on the current code
requirement.

T Almost twothirds ofthe observations met or exceeded the prescriptive code reguitem
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3.1.1.2 Window SHGC
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Figure 3.2. Window SHGC

Table 3.2. Window SHGC

Climate Zone CZ6 Statewide
Number 71 71
Range 0.19t0 054 0.19to0 0.54
Average 0.27 0.27
Requirement NA NA
Compliance Rate NA NA

1 Interpretations:

I SHGC values were very consistent, and nearly meet the prescriptive requirement for Climate
Zones 13, even though there are no SHGC requirements in Climate@&one

T The vast majority of the obsextions were ithe 025to 0.3 SHGC range.
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3.1.1.3 Window U-Factor
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Figure 3.3. Window U-Factor

Table 3.3. Window U-Factor

Climate Zone CZ6 Statewide
Number 71 71
Range 0.24t00.34 0.24t00.34
Average 0.29 0.29
Requirement 0.32 0.32
Compliance Rate 68 of 71 (96%) 68 of 71 (96%)

1 Interpretations:
i There is an extremely high rate of compliance for fenestration products.

T This represents one of the most significant findings of the field studyneétyall of the
observations at or above the code requirement.

i Window U-factor requirements appear to have been implemented with a high rate of success.

3.1.1.4 Wall Insulation

Two graphs are shown for walls, cavity and continuous insulatiera(iRe) and binned wall assembly
(U-factor). The Rvalue graphs show both the cavity and continuous insulatieel s observed, sorted
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in order of increasingavity insulation Rvalue.The bnned Ufactor graphs indicate the-fdctor of the
wall assembly, including cavity and continuous insulation laged§raming, and considering insulation
installation quality, as observed in the fi€lthe Ufactors are binned to reduce the number of ivetise
chart as individual Hactor observations may be only slightly different.
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Figure 3.4. Wall R-Values
Table 3.4. Wall R-Value
Climate Zone CZ6 Statewide
Number 63 63
Range R-19to R-21 R-19 to R21
Average R-21 R-21
Requirement R-21 R-21
Compliance Rate 62 of 63 (98%) 62 of 63 (98%)
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Figure 3.5. Wall Assembly Performance, including Whikulation Installation Quality

Table 3.5. Wall U-Factor, including Wall Insulation Installation Quality

Climate Zone CZ6 Statewide
Number 63 63
Range 0.064 to 0.@7 0.064to 0.(47
Average 0.063 0.063
Assembly LFactor 0.057 0.057
(expected)
Rate 2 of 63 (3%) 2 of 63 (3%)

1 Interpretations:
T Looking at the Rvaluesall the observations met or exceeded the prescriptive code requirement.

I Looking at the factors, onlytwo of the observations met or exceeded the prescriptive code
requirement, indicating that insulation installation quality is a problemlmost all observations
(97%), theinsulation installation quality was rated as Grade I, indicating an issue théd sleou
addressed.
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3.1.1.5 Ceilings
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Figure 3.6. Ceiling RValue
Table 3.6. Ceiling RValue
Climate Zone CZ6 Statewide
Number 65 65
Range R-49 to R50 R-49to R-50
Average R-493 R-49.3
Requirement R-49 R-49
Compliance Rate 65 of 65 (100%) 65 of 65 (100%)

1 Interpretations:
i All ceiling Rvalueobservations mair exceedethe code requirement.

T Almost dl (97%)of the roof cavity insulation installation quality observations were Grade I,
indicating that roofs are well insulated¥Montana
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Figure 3.7. High-efficacy Lighting Percentage

Table 3.7. High-efficacy Lighting Percentage

Climate Zone CZ6 Statewide
Number 64 64
Range 45 to 100 45 to 100
Average 91 91
Requirement 75 75
Compliance Rate 58 of 64 (91%) 58 of 64 (91%)

1 Interpretations:
T Nearlyall (91%) ofthe field observationsietthe coderequirement.

3.1.1.6 Foundation Assemblies
There werehreepredominant foundation types observed/iontana heated basemenisnvented

crawlspacesand slabsTwo graphs are shown for foundations, insulatiorvéiRie) and binned assembly
(U-factor)! The Rvalue graphs show the insulatiorvRlues observed.he binned factor graphs

1 No binned Ufactor graph is provided for unvented crawlspace walls because all crawlspace wall insulation was
continuous and therefore insulation installation quality does not come into play.
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